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one bearing pad configured to be arranged about a rotating
member of the turbomachinery. Each bearing pad includes
an iternal cooling opening defined in the bearing pad and
an internal channel network defined 1n the bearing pad with
at least one channel node 1n fluild communication with the
internal cooling opening and at least two passageways 1n
fluid communication with and extending from the channel
node through the bearing pad. At least one of the passage-
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1
INTERNAL COOLING BEARING PADS

BACKGROUND OF THE INVENTION

Field of the Invention

The present mmvention relates to fluid bearings having
bearing pads, and more particularly, to bearing pads config-
ured to facilitate cooling of the bearing pad.

Description of Related Art

Certain bearings provide an interface between a rotating
structure and a contact surface. Hydrodynamic bearings are
such that the rotating element (such as a shait) rides on an
o1l film between the shait and the bearing. Shearing of the
o1l causes the heat to build. The top surface of the bearing
tacilitates the formation of the o1l film or wedge. During
operation there should be no physical contact between the
two. Journal bearings provide lift to essentially counter
external forces including but not limited to gravity, aerody-
namic forces such as unbalanced steam forces (1n the case of
steam turbines ), and gear loads for bearings supporting gears
and allow the shaft to rotate. Thrust bearings are bearings
that deal with axial thrust.

One problem encountered with bearings 1s the build-up of
temperature of the bearing components, including the bear-
ing pads. Temperature of the bearing pads can rise to
harmiul levels under high speed or load conditions. The
temperature may not rise to the same temperature across the
entire bearing pad, and 1n many bearing pads, it has been
determined that the trailing edge side of the pivot rises to
particularly high temperatures.

Oi1l can be provided to the bearing, to assist 1n cooling the
bearing pad and the other components of the bearing. Many
prior art bearing pads are made of solid metal, which, as
previously described, get hot under high speed and load
conditions. While the o1l can directly contact the surface of
these solid bearing pads to aid 1n cooling the bearing pad,
none of the metal beneath the surface 1s able to be in direct
contact with the cooling oil.

Several U.S. patents, including U.S. Pat. Nos. 3,814,487;
5,222,815, 5,556,208; 6,588,933 and 6,746,152, have a duct
or passage which allows o1l to flow iternally through a
bearing pad. However, these prior art bearing pads can be
mechanically weakened by the ducts or passages that run
internally through the bearing pads. Additionally, these prior
art bearing pads do not provide the tlexibility to optimize the
flow pattern of the o1l through the bearing pad to more
elliciently cool the bearing pad, but, instead, treat the whole
bearing pad evenly.

SUMMARY OF THE INVENTION

According to one embodiment, a flud bearing for use 1n
turbomachinery icludes at least one bearing pad configured
to be arranged about a rotating member of the turbomachin-
ery. Each bearing pad includes an internal cooling opening
defined 1n the bearing pad and an internal channel network
defined 1n the bearing pad with at least one channel node 1n
fluid communication with the internal cooling opening and
at least two passageways in fluid commumication with and
extending from the channel node through the bearing pad. At
least one of the passageways extends to an exterior surface
of the bearing pad to define at least one cooling discharge
opening. The bearing pad can be defined by an inner radial
side and an outer radial side, a first axial side and a second
axial side, and a circumierential leading edge and a circum-
ferential trailing edge. The bearing pad can be arcuate-
shaped. The internal cooling opening can be defined in the
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outer radial side of the bearing pad proximate the trailing
edge of the bearing pad. The internal cooling opening can be
defined in the outer radial side of the bearing pad proximate
the leading edge of the bearing pad. The internal cooling
opening can be defined 1n a jacking o1l port defined 1n the
outer radial side of the bearing pad. At least one cooling
discharge opening can be defined in the first axial side or the
second axial side. At least one cooling discharge opening
can be defined 1n the leading edge or the trailing edge. The
bearing can include a deck plate and a central support
column connected to an outer radial side of the deck plate.
The central support column can define a spherical seat. The
internal cooling opeming can be defined in the spherical seat
of the central support column. The central support column
can define the internal channel network. A plurality of
primary support structures can connect the central support
column with the deck plate. Channel support structures can
be located within the internal channel network. The channel
support structures can be bars or trusses. The channel
support structures can mechanically strengthen the bearing
pad. At least a portion of the bearing pad can be 3D printed.
The portion of the bearing pad that 1s 3D printed can be
proximate a trailing edge of the bearing pad. The portion of
the bearing pad that 1s 3D printed can be proximate a leading
edge of the bearing pad. The entire bearing pad can be 3D
printed. The portion of the bearing pad that 1s 3D printed can
be printed 1 a cubic pattern, a corrugated pattern, or a
pyramidal pattern. The portion of the bearing pad that 1s 3D
printed can be printed 1n a hexagonal structure pattern, a
square structure pattern, a triangular structure pattern, a
diamond structure pattern, a navtruss structure pattern, a
tetrahedral structure pattern, a diamond textile structure
pattern, a diamond collinear structure pattern, a square
collinear structure pattern, a three-dimensional kagome
structure pattern, a square honeycomb structure pattern, a
triangular honeycomb structure pattern, or a corrugated
honeycomb structure pattern. The bearing can further
include a plurality of secondary support structures, each
secondary support structure connecting the primary support
structure to the deck plate, another of the secondary support
structures, or the central support column. The primary
support structures or the secondary support structures can be
hollow. The primary support structures or the secondary
support structures can be 1n fluild communication with the
internal channel network defined in the central support
column such that cooling o1l can flow through the primary
support structures or the secondary support structures.

In another embodiment, a bearing pad includes an internal
cooling opening defined 1n the bearing pad and an internal
channel network defined 1n the bearing pad with at least one
channel node in fluild communication with the internal
cooling opening and at least two passageways 1 fluid
communication with and extending from the channel node
through the bearing pad. At least one of the passageways
extends to an exterior surface of the bearing pad to define at
least one cooling discharge opening. The bearing pad can be
defined by an 1nner radial side and an outer radial side, a first
axial side and a second axial side, and a circumierential
leading edge and a circumierential trailing edge.

Further embodiments and aspects will now be described
in the following numbered clauses:

Clause 1: A fluud bearing for use in turbomachinery
comprising: at least one bearing pad configured to be
arranged about a rotating member of the turbomachinery,
cach bearing pad comprising: an internal cooling opening
defined 1n the bearing pad; and an internal channel network
defined in the bearing pad comprising at least one channel




US 9,874,247 B2

3

node in fluild communication with the internal cooling
opening and at least two passageways in fluid communica-
tion with and extending from the channel node through the
bearing pad, wherein at least one of the passageways extends
to an exterior surface of the bearing pad to define at least one
cooling discharge opening.

Clause 2: The fluid bearing of clause 1, wherein the
bearing pad 1s defined by an 1nner radial side and an outer
radial side, a first axial side and a second axial side, and a
circumierential leading edge and a circumiferential trailing
edge.

Clause 3: The fluid bearing of clause 2, wherein the
internal cooling opening 1s defined 1n the outer radial side of
the bearing pad proximate the trailing edge of the bearing
pad.

Clause 4: The fluid bearing of clause 2, wherein the
internal cooling opening 1s defined 1n the outer radial side of
the bearing pad proximate the leading edge of the bearing
pad.

Clause 5: The fluid bearing of clause 2, wherein the
internal cooling opening 1s defined 1n a jacking o1l port
defined 1n the outer radial side of the bearing pad.

Clause 6: The fluid bearing of any of clauses 2-5, wherein
at least one cooling discharge opening 1s defined in the first
axial side or the second axial side.

Clause 7: The fluid bearing of any of clauses 2-6, wherein
at least one cooling discharge opening 1s defined in the
leading edge or the trailing edge.

Clause 8: The fluid bearing of clause 1, further compris-
ing: a deck plate; a central support column connected to an
outer radial side of the deck plate, wherein the central
support column defines a spherical seat, wherein the internal
cooling opening 1s defined 1n the spherical seat of the central
support column, wherein the central support column defines
the internal channel network; and a plurality of primary
support structures connecting the central support column
with the deck plate.

Clause 9: The fluid bearing of clauses 1-8, wherein
channel support structures are located within the internal
channel network.

Clause 10: The flmd bearing of clause 9, wherein the
channel support structures are bars or trusses.

Clause 11: The fluid bearing of any of clauses 9-10,
wherein the channel support structures mechanically
strengthen the bearing pad.

Clause 12: The fluud bearing of any of clauses 1-11,
wherein at least a portion of the bearing pad 1s 3D printed.

Clause 13: The fluid bearing of clause 12, wherein the
portion of the bearing pad that 1s 3D printed i1s proximate a
trailing edge of the bearing pad.

Clause 14: The fluid bearing of clause 12, wherein the
portion of the bearing pad that 1s 3D printed 1s proximate a
leading edge of the bearing pad.

Clause 15: The fluid bearing of any of clauses 1-14,
wherein the entire bearing pad 1s 3D printed.

Clause 16: The fluid bearing of any of clauses 12-14,
wherein the portion of the bearing pad that 1s 3D printed 1s
printed 1n a cubic pattern, a corrugated pattern, or a pyra-
midal pattern.

Clause 17: The fluid bearing of clause 8, further compris-
ing a plurality of secondary support structures, each sec-
ondary support structure connecting the primary support
structure to the deck plate, another of the secondary support
structures, or the central support column.

Clause 18: The fluid bearing of clause 17, wherein the
primary support structures or the secondary support struc-
tures are hollow, and wherein the primary support structures
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or the secondary support structures are in fluid communi-
cation with the internal channel network defined in the
central support column such that cooling o1l can flow
through the primary support structures or the secondary
support structures.

Clause 19: A bearing pad comprising: an internal cooling,
opening defined in the bearing pad; and an internal channel
network defined 1n the bearing pad comprising at least one
channel node in fluild communication with the internal
cooling opening and at least two passageways 1 fluid
communication with and extending from the channel node
through the bearing pad, wherein at least one of the pas-
sageways extends to an exterior surface of the bearing pad
to define at least one cooling discharge opening.

Clause 20: The bearing pad of clause 19, wherein the
bearing pad 1s defined by an inner radial side and an outer
radial side, a first axial side and a second axial side, and a
circumierential leading edge and a circumierential trailing
edge.

Clause 21: The fluud bearing of clause 2, wherein the
bearing pad is arcuate-shaped.

Clause 22: The flmd bearing according to any of clauses
12-14, wherein the portion of the bearing pad that 1s 3D
printed 1s printed 1n a hexagonal structure pattern, a square
structure pattern, a triangular structure pattern, a diamond
structure pattern, a navtruss structure pattern, a tetrahedral
structure pattern, a diamond textile structure pattern, a
diamond collinear structure pattern, a square collinear struc-
ture pattern, a three-dimensional kagome structure pattern, a
square honeycomb structure pattern, a triangular honeycomb
structure pattern, or a corrugated honeycomb structure pat-
tern.

These and other features and characteristics of internal
cooling bearing pads, as well as the methods of manufacture
and functions of the related elements of structures and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts 1 the various figures. It 1s to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the invention. As
used in the specification and the claims, the singular form of
“a”, “an”, and “the” include plural referents unless the
context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a front view of a fluid bearing including at
least one bearing pad according to one embodiment of the
ivention.

FIG. 2A shows a perspective view ol a bearing pad
according to one embodiment of the invention.

FIG. 2B shows a perspective view of a bearing pad with
a portion of an outer radial side cut away to show an internal
channel network.

FIG. 2C shows a perspective view of a bearing pad
according to one embodiment of the invention.

FIG. 3 shows a perspective view of an internal channel
network including channel support structures.

FIG. 4 shows a cross-sectional view of a bearing pad
according to one embodiment of the invention.

FIG. 5 shows a cross-sectional view of a bearing pad
according to another embodiment of the invention.
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FIG. 6 shows a cross-sectional view of a bearing pad with
a 3D printed portion according to one embodiment of the

invention.

FIG. 7A shows a cross-sectional view of a bearing pad
according to another embodiment of the mvention. 5
FIG. 7B shows a top view of the bearing pad of FIG. 7A.
FIG. 7C shows a bottom view of the bearing pad of FIG.

TA.

FIG. 8A shows a perspective view of a cubic pattern
structure for use 1n a bearing pad according to one embodi- 10
ment of the invention.

FIG. 8B shows a perspective view of a corrugated pattern
structure for use 1n a bearing pad according to one embodi-
ment of the invention.

FIG. 8C shows a perspective view of a pyramidal pattern 15

structure for use 1n a bearing pad according to one embodi-
ment of the mvention.

DETAILED DESCRIPTION OF TH.
INVENTION 20

L1l

For purposes of the description hereinafter, the terms

22

“upper”, “lower”, “right”, “left”, “vertical”, “horizontal”,
“top”, “bottom”, “lateral”, “longitudinal™, *“‘axial”, “radial”,
“circumfierential”, and derivatives thereof shall relate to the 25
invention as 1t 1s oriented in the drawing figures. However,
it 1s to be understood that the 1nvention may assume alter-
native variations and step sequences, except where expressly
specified to the contrary. It 1s also to be understood that the
specific devices and processes illustrated 1n the attached 30
drawings, and described 1n the following specification, are
simply exemplary embodiments of the invention. Hence,
specific dimensions and other physical characteristics
related to the embodiments disclosed herein are not to be
considered as limiting. 35

Referring to FIG. 1, a flmd bearing 10 1s configured for
use 1n turbomachinery that includes a shait 11 (or other such
rotating member), and the bearing 10 includes a base ring 12
and at least one bearing pad 13. The bearing 10 can be, for
instance, a hydrodynamic bearing, a journal bearing, thrust 40
bearing, or other type of bearing. The direction of rotation of
the shaft 11 1s counterclockwise 1n FIG. 1, as shown. The
bearing pads 13 are configured to be arranged about the shaft
11 of the turbomachinery. The bearing 10 and its compo-
nents can be made of metal or any other suitable materials. 45
For instance, the bearing pad 13 can include a backing and
a bearing surface. The backing can made from metal, such
as steel or copper alloys. The bearing surface can be a thin
layer of Babbitt metal or polymer.

Referring to FIG. 1 and FIGS. 2A-2C, in one, non- 50
limiting embodiment, the bearing pad 13 can be arcuate-
shaped (e.g., like 1n certain journal bearings). The direction
of rotation of the turbomachinery 1s clockwise i FIGS.
2A-2C, as shown. The arcuate-shaped bearing pad 13 1is
defined by an exterior surface comprising an inner radial 55
side 14 and an outer radial side 15 (the outer radial side 15
1s the radial side more remote from the rotating member of
the turbomachinery). The exterior surface of the arcuate-
shaped bearing pad 13 can include a circumierential leading
edge 18 and a circumierential trailing edge 19. Finally, the 60
exterior surface of the arcuate-shaped bearing pad 13 can
include a first axial side 20 and a second axial side 21. In
another embodiment (not shown 1 FIGS. 1 and 2A-2C), the
bearing pad 13 1s not arcuate-shaped, but can instead be
planar (tlat-shaped) (e.g., like 1n certain thrust bearings). 65
Like the previously-described arcuate-shaped bearing pad

13, the flat shaped bearing pad 13 can be defined by an

6

exterior surface comprising an inner radial side 14 and an
outer radial side 15. The exterior surface of the flat-shaped
bearing pad 13 can also include a circumierential leading
edge 18 and a circumierential trailing edge 19. Finally, the
exterior surface of the flat-shaped bearing pad 13 can
include a first axial side 20 and a second axial side 21.
However, unlike the arcuate-shaped bearing pad 13, the
flat-shaped bearing pad 1s not curved into an arc but planar
(flat).

Referring back to FIG. 1, the base ring 12 of the bearing
10 1s adjacent the outer radial side 15 of the bearing pad 13.
The base ring 12 can be configured as a ring in some
embodiments. The base ring 12 defines at least one o1l feed
opening 22, which 1s a round hole in some embodiments, but
the o1l feed opening 22 can take any shape suflicient to
optimally allow o1l to flow therethrough. In some embodi-
ments, as shown 1n FIG. 1, there can be one o1l feed opening
22 corresponding to each bearing pad 13 of the bearing 10.
An mternal cooling inlet 23 can be inserted into an internal
cooling opening 23 A (not shown) defined in the outer radial
side 15 of the bearing pad 13. The internal cooling inlet 23
can be defined through the base ring 12. As shown 1n FIG.
1, there can be an 1nternal cooling ilet 23 for each bearing
pad 13 of the bearing 10. Thus for each bearing pad 13, there
can be an o1l feed opening 22 that goes between bearing pads
13 and an internal cooling inlet 23 going 1nto the bearing pad
13. In one embodiment, the internal cooling ilet 23 can be
inserted 1nto the internal cooling opening 23 A defined 1n the
outer radial side 15 of the bearing pad 13 proximate the
trailing edge 19 (1.e., closer to the trailing edge 19 than the
leading edge 18). In one embodiment, the internal cooling
inlet 23 can be inserted into the internal cooling opening
23 A defined 1n the outer radial side 135 of the bearing pad 13
proximate the leading edge 18 (i.e., closer to the leading
edge 18 than the trailing edge 19). In one embodiment, the
internal cooling inlet 23 can be inserted into the internal
cooling opening 23 A defined 1n a jacking o1l port 30 (shown
in FIG. 2A) defined 1n the outer radial side 135 of the bearing
pad 13. More than one internal cooling inlet 23 may be
provided 1n some embodiments. The internal cooling inlet
23 can be a cylindrical inlet, but the internal cooling inlet 23
can take any shape suflicient to allow o1l to flow there-
through and sufificient to be 1nserted into the internal cooling
opening 23A. Oil provided to the bearing 10 can be used to
help cool the bearing pads 13, which heat up during use in
the turbomachinery. O1l can flow through the bearing 10, for
instance, based on the tflow pattern shown in FIG. 1. The o1l
flows through the o1l feed openings 22 and the internal
cooling inlet 23 to cool the bearing pad 13. The o1l that tlows
through the internal cooling inlet 23 can help to internally
cool the bearing pad 13. The o1l that flows through the o1l
teed openings 22 can help to externally cool the bearing pad
13 and to lubricate the bearing pad 13. The diameters or
arcas through which the o1l flows through the oil feed
openings 22 and the internal cooling inlet 23 can be selected
to optimize the flow of o1l to the bearing 10, to achieve the
best cooling effect. In some embodiments, the diameter or
area through which the o1l flows through each o1l feed
opening 22 1s smaller than the diameter or are through which
the o1l flows through each internal cooling opening 23A.

Referring again to FIGS. 2A-2C, the bearing pad 13
defines an internal channel network 26. The mternal channel
network 26 1s a network of hollow tunnels through the
bearing pad 13. The internal channel network 26 1s made up
of at least one channel node 235 and at least two passageways
2’7. The channel node 25 of the internal channel network 26
1s 1n fluid communication with an internal cooling opening
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23A (which can receive the internal cooling inlet 23 (not
shown)) and configured to allow o1l to flow therethrough. In
some embodiments, the diameter of the internal cooling
opening 23 A can be larger than the internal cooling inlet 23
with a proper tolerance (so that the internal cooling opening
23 A can recerve the internal cooling inlet 23). The internal
cooling opening 23 A can be defined in the outer radial side
15 of the bearing pad 13. In certain non-limiting embodi-
ments, the internal cooling opeming 23A can be defined
proximate the leading edge 18, proximate the trailing edge
19, or 1n the jacking o1l port 30. The passageways 27 of the
internal channel network 26 are in tluid communication with
the channel node 25. The passageways 27 extend from the
channel node 25 through the bearing pad 13, and the
passageways 27 are configured to allow o1l to tlow there-
through. At least one of the passageways 27 extends to an
exterior surface of the bearing pad 13 (e.g., the mnner radial
side 14, the outer radial side 15, the leading edge 18, the
trailing edge 19, the first axial side 20, or the second axial
side 21). The passageways 27 that run to the exterior surface
of the bearing pad 13 define at least one cooling discharge
opening 28. However, not every passageway 27 will neces-
sarily flow to the exterior surface of the bearing pad 13, and
certain passageways 27 may terminate before reaching the
exterior surface of the bearing pad 13. The design of the
bearing pad 13 can be such that the direction of certain
passageways 27 pass through or in the vicinity of known
“hotspots™ of the bearing pad 13.

For instance, in FIG. 2B, an embodiment of the bearing
pad 13 having an internal channel network 26 with a cooling
node 25 and six passageways 27 extending to the first axial
side 20 and the second axial side 21 of the bearing pad 13
1s shown. The passageways 27 run to the axial exterior
surfaces of the bearing pad 13 to define at least one cooling
discharge opening 28. The bearing pad shown 1n FIG. 2B
has three discharge openings 28 on the first axial side 20 of
the bearing pad 13 and three cooling discharge openings 28
(not shown) on the opposite second axial side 21 of the
bearing pad 13. In some embodiments, the cooling discharge
openings 28 can be smaller than the internal cooling opening
23A, but 1t 1s contemplated that the cooling discharge
openings 28 can be the same size or larger than the internal
cooling opening 23A.

The cooling discharge openings 28 can be defined axially
in the bearing pad 13, in the first axial side 20 or the second
axial side 21 of the bearing pad 13 (see, e.g., FIG. 2A-2B).
The cooling discharge openings 28 can be defined circum-
terentially 1n the bearing pad 13, in the leading edge 18 or
the trailing edge 19 of the bearing pad (see, e.g., FIG. 2A).
The cooling discharge openings 28 can be defined radially 1in
the inner radial side 14 of the bearing pad 13 (see, e.g., FIG.
2C). The bearing pad 13 may include any combination of
axial, circumierential, or radial cooling discharge openings
28.

Oil can flow 1nto the bearing pad 13 through the internal
cooling openming 23 A and to the internal channel network 26,
for instance, according to the flow pattern indicated by the
dotted lines 1n FIG. 2B. Specifically, the o1l can enter the
bearing pad 13 through the internal cooling opening 23 A and
into the channel node 25 of the internal channel network 26.
The o1l can then flow from the channel node 25 to one of the
passageways 27 to further internally cool the bearing pad 13.
The o1l can then exit the bearing pad 13 through one of the
cooling discharge openings 28 at the axial, circumierential,
or radial exterior surfaces of the bearing pad 13. The internal
channel network 26 can be optimized to reach “hotspots™
within the bearing pad 13 and to more ethiciently cool the
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bearing pad 13 (1.e., the plurality of passageways 27 can be
configured so as to flow o1l in the vicimity of known
hotspots). The location, size, and discharge area of the
cooling discharge openings 28 can also be optimized. In
some embodiments, such as the one shown 1n FIG. 2B, the
bearing pad 13 outside of the internal channel network 26 1s
hollow; however, 1n other embodiments, the bearing pad 13
will be solid except for the internal cooling opening 23 A, the
internal channel network 26 (including the channel node 25
and the passageways 27), and the cooling discharge open-
ings 28 defined 1n the bearing pad 13. The bearing pad 13
can also define a jacking o1l port 30 1n the outer radial side
15 of bearing pad 13, as shown 1n FIG. 2A. The bearing pad
13, such as the bearing pad 13 shown in FIGS. 2A-2C, can
be made, at least in part, by 3D printing.

FIG. 3 shows a channel support structure 32 located
within the internal channel network 26 of the bearing pad 13.
The internal channel network 26 can include a plurality of
channel support structures 32. In some embodiments, the
channel support structures 32 are configured as bars, trusses,
or other structures. The channel support structures 32 pro-
vide mechanical strength to the bearing pad 13. In some
cases, the bearing pad 13 can even be further strengthened
by the channel support structures 32, as compared to bearing
pad 13 without the 1internal channel network 26 and channel
support structures 32. Additionally, the channel support
structures 32 are configured so as to only minimally block
the flow of o1l through the internal channel network 26. The
location of channel support structures 32 in the internal
channel network 26 can be optimized to more efliciently
cool and strengthen the bearing pad 13.

Referring to FIGS. 4-6, several 1llustrative embodiments
of the bearing pad 13 are shown 1n detail. FIGS. 4-6 show
a pad radius R, a pad arc length X, and a pivot angle 5 of
a bearing. This results in an Offset a of: a=p/X. Each of the
bearing pads 13 also includes a Babbaitt thickness 34. Gen-
erally, the pad radius R, pad arc length X, pivot angle {3, and
Babbitt thickness can be selected based on adequate rotor
dynamic performance of the rotor bearing system 1n addition
to thermal performance. The direction of rotation of the
turbomachinery for FIGS. 4-6 1s counterclockwise, as
shown.

FIG. 4 includes a bearing pad 13 defining an internal
cooling opening 23 A to receive an internal cooling inlet 23
in fluid communication with an internal channel network 26.
The internal channel network 26 has a channel node 25 and
at least two passageways 27. In FIG. 4, the internal cooling
opening 23 A 1s located proximate the trailing edge 19 (i.e.,
closer to the trailing edge 19 than the leading edge 18). This
allows the high temperature spot typically located on the
trailing edge 19 side of the pivot to be more eflectively
cooled by the oi1l. The embodiment shown 1n FIG. 4 also
includes at least one cooling discharge opeming 28 1n fluid
communication with at least one passageway 27, the cooling
discharge opening 28 located circumierentially about the
bearing pad 13, on the trailing edge 19 1n this case. Multiple
circumierentially located cooling discharge openings 28 can
be provided and can be located on the leading edge 18 and/or
the trailing edge 19. Circumierentially located cooling dis-
charge openmings 28 can be 1n lieu of or in addition to the
carlier-described axially located and radially located cooling
discharge openings 28. Besides assisting in cooling the
bearing pad 13 near the trailing edge 19, having circumier-
entially located cooling discharge openings 28 can also
assist 1n enhanced mixing of the hotter o1l coming from the
trailing edge 19 of the bearing pad 13 with relatively cooler
o1l from the cooling discharge openings 28, as well as cool
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o1l from the o1l feed openings 22 (not shown) between the
bearing pads 13 and reduce hot o1l carryover to the next
bearing pad 13. FIG. 4 only shows one circumierentially
placed cooling discharge opening 28, but multiple cooling
discharge openings 28 can be provided, including defining
one or more cooling discharge opemings 28 circumieren-
tially along the leading edge 18 or the trailing edge 19.
Additionally, the internal cooling opening 23 A can, mstead,
be closer to the trailing edge 19 or the leading edge 18,
compared to the position of the internal cooling opening
23A shown i FIG. 4. Further, the bearing pad 13 can
include more than one internal cooling opening 23A and
internal cooling inlet 23. FIG. 4 also shows an embodiment
having a plurality of passageways 27. At least one of the
passageways 27 extends to the trailing edge 19 of the
bearing pad 13 to define the cooling discharge opening 28.
However, another passageway 27 1s provided that does not
extend to the exterior surface of the bearing pad 13.

Referring to FIG. 5, in one embodiment, the internal
cooling opeming 23A can be located in the jacking o1l port
30 defined 1n the outer radial side 15. In this illustrated
embodiment, the internal channel network 26 (including the
channel node 25 and the passageways 27) can extend to both
the leading edge 18 and the trailing edge 19 to define
circumierentially placed cooling discharge openings 28. As
previously explained, one or more cooling discharge open-
ings 28 can be provided at the leading and/or trailing edge
18, 19, and these circumierentially placed cooling discharge
openings 28 can be 1n addition to or 1n lieu of the axially
located or radially located cooling discharge openings 28 of
FIGS. 2A-2C. In one embodiment, the internal channel
network 26 does not cut through the Babbitt thickness 34,
but, instead, branches ofl before the Babbaitt thickness 34.

With respect to FIGS. 4-5, 1t 1s contemplated that the
internal cooling channel network 26 1n these embodiments
can include the previously described channel support struc-
tures 32 (not shown).

FIG. 6 shows a bearing pad 13 including printed portions
36 (portions made using 3D printing) of the bearing pad 13.
The area(s) of the bearing pad 13 that are printed portions 36
can be selected to more efliciently cool the bearing pad 13.
For instance, 1n one embodiment, a portion near the trailing
edge 19 (as shown 1n FIG. 6) 1s a printed portion 36 to better
provide cooling to the earlier described high temperature
spot typically located proximate the trailing edge 19. In
another embodiment (also shown in FIG. 6), a printed
portion 36 i1s located proximate the trailing edge 19 and
another printed portion 36 is located proximate the leading
edge 18. The printed portion 36 allows for a more complex
shape to be produced and used as part of the bearing pad 13.
The more complex shape can have an enhanced convective
surface area, which facilitates and enhances cooling of the
bearing pad 13. Additionally, 3D printing also allows for
manufacturing of a higher strength bearing pad 13. In one
embodiment, at least a portion of the bearing pad 13 1s 3D
printed where the backing of the bearing pad 13 i1s entirely
3D printed, and the bearing surface of the bearing pad 13 1s
3D printed 1n a separate process.

The embodiment 1n FIG. 6 does not show the internal
cooling opening 23A, the internal channel network 26
(including the channel node 235 passageways 27), or the
cooling discharge openings 28 (like in FIGS. 4-5), but the
teatures from the embodiments 1n FIGS. 4-5 can be included
in the embodiment of FIG. 6 to further enhance cooling of
the bearing pad 13. The features of FIG. 6 can also be
included 1n the embodiments 1n FIGS. 4-5 to further enhance
the cooling of the bearing pads 13.
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Retferring to FIGS. 7A-7C, m another non-limiting
embodiment of the bearing pad 13, the bearing pad 13 1s not
arcuate-shaped, but has a shape similar to a truss bridge. The
direction of rotation of the turbomachinery in FIG. 7A 1s
counter-clockwise. The bearing pad 13 can include a Babbitt
thickness 34 connected to a deck plate 38. In one embodi-
ment the deck plate 38 can be arcuate-shaped (e.g., journal
bearings), but, 1n another embodiment, the deck plate 38 can
be planar (flat) (e.g., thrust bearings). The deck plate 38 can
be a thin layer of backing. The deck plate 38 can be a solid
plate or can have holes to allow cooling o1l to flow there-
through. The Babbitt thickness 34 can also be solid or can
have holes to allow cooling o1l to flow therethrough. The
Babbitt thickness 34 and the deck plate 38 can have a
leading edge 18 and a trailing edge 19.

With continued reference to FIGS. 7A-7C, a central
support column 40 can be connected to the deck plate 38. In
some embodiments, such as the embodiment 1n FIG. 7A, the
central support column 40 1s located on the outer radial side
of the deck plate 38 (1.e, the side of the deck plate 38 more
remote from the rotating member of the turbomachinery)
near the center of the deck plate 38. The central support
column 40 can be made of any material of suthicient strength
to withstand the forces exerted on the central support
column 40. In some 1nstances, the central support column 40
1s a solid element. In other examples, such as in FI1G. 7A, the
central support column 40 defines an 1nternal channel net-
work 26, configured to allow o1l to flow therethrough. The
internal channel network 26 can include a channel node 25
and at least one passageway 27, such as a plurality of
passageways 27. At least one passageway 27 can go to an
edge of the bearing pad 13, such as the edge of the central
support column 40. An internal cooling opening 23A can be
defined 1n the central support column 40, the internal cooling
opening 23A 1n fluid communication with the internal chan-
nel network 26. The central support column 40 can also
define at least one cooling discharge opening 28 in fluid
communication with the internal channel network 26. The
o1l discharge openings 28 can be located about the central
support column 40, as shown 1 FIG. 7C. In one embodi-
ment, cooling o1l can enter the central support column 40 of
the bearing pad 13 through the internal cooling opening 23 A
and flow into the channel node 25 of the internal channel
network 26. The cooling o1l can flow 1nto the passageways
277. The cooling o1l can exit the central support column 40 by
flowing through the passageways 27 and exiting one of the
cooling discharge openings 28.

The central support column 40 can define a spherical seat
42. The spherical seat can be defined in a side of the central
support column 40 opposite a side of the central support
column attached to the deck plate 38. The spherical seat 42
can be configured so as to allow the bearing pad 13 to be
attached to a base (not shown). The spherical seat 42 can
also be configured to act as a pivot point so that the bearing
pad 13 can pivot back and forth. In other words, the bearing
pad 13 can pi1vot about the base connected to the bearing pad
13 1n the spherical seat 42 of the central support column 40.
In some embodiments, the internal cooling opening 23A of
the central support column 40 1s defined 1n the spherical seat
42 (see FIG. 7C).

The bearing pad 13 can include primary support struts 44.
The primary support struts 44 can mechamically strengthen
the bearing pad 13. The primary support struts 44 can
connect the central support column 40 to the deck plate 38
to mechanically strengthen the bearing pad 13. The bearing
pad 13 can also further include secondary support struts 46.
The secondary support struts 46 can connect the primary
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support struts 44 to the central support column 40, to other
primary support struts 44, to other secondary support struts
46, or to the deck plate 38. The secondary support struts 46
can further mechanically strengthen the bearing pad 13. The
network of primary support struts 44 and secondary support
struts 46 can provide more surface area over which cooling
o1l can flow, 1n order to aid in cooling the bearing pad 13
while still mechanically strengthening the bearing pad 13.
Cooling fins (not shown) can be included on the primary
support struts 44 and secondary support struts 46 to further
aid in cooling the bearing pad 13. Thus, cooling o1l that does
not flow 1nto the bearing pad 13 (but flows over the bearing
pad 13 instead) can help cool the bearing pad having more
available surface area over which the cooling o1l can flow.

In some non-limiting embodiments, the primary support
struts 44 or the secondary support struts 46 can be hollow.
These hollow primary support struts 44 or secondary support
struts 46 can still be configured to mechanically strengthen
the bearing pad 13. The primary support struts 44 or the
secondary support struts 46 can be 1n fluild communication
with one another or 1in flud communication with the central
support column 40, and, in particular, with the internal
channel network 26 defined in the central support column
40. Thus, the hollow primary support struts 44 and second-
ary support struts 46 can be passageways 27 of the internal
channel network 26. In addition, the primary support struts
44 or the secondary support struts 44 can include at least one
internal cooling opening 23A to allow cooling o1l mto the
primary support struts 42 or the secondary support struts 46.
For instance, an internal cooling opening 23A could be
defined 1n a primary support structure 44 near the central
support column 40. The primary support struts 44 and the
secondary support struts 46 can include at least one cooling
discharge opening 28. Cooling discharge openings 28 can
also be included in the Babbitt thickness 34 and the deck
plate 38, these cooling discharge openings 28 1 fluid
communication with the primary support struts 44, the
secondary support struts 46, or the passageways 27 defined
in the central support column 40, so that cooling o1l can exit
the bearing pad 13.

As one example, cooling o1l can enter the bearing pad 13,
like the bearing pad 13 shown in FIGS. 7TA-7C, through the
internal cooling opening 23A and into the channel node 25
of the iternal channel network 26 defined in the central
support column 40. The cooling o1l can flow through the
passageways 27 defined 1n the central support column 40
and exit the cooling discharge openings 28 defined 1n the
central support column 40. The cooling o1l can also flow
from the passageways 27 defined in the central support
column 40 into the passageways 27 defined 1n the primary
support struts 44 or the secondary support struts 46. The
bearing pad 13 shown 1 FIG. 7A-7C can be printed or
machined.

Referring to FIGS. 8A-8C, a portion of or the entire
bearing pad 13 can be made using 3D printing. The bearing,
pad 13 can be 3D printed based on any conceirvable struc-
ture, including both simple and complex designs. The dii-
ferent structures used 1n a 3D printed bearing pad 13 can be
optimized to more efliciently cool the bearing pad 13 and
make a bearing pad 13 of suflicient, or even enhanced,
mechanical strength. FIGS. 8A-8C illustrate three non-
limiting structures used 1n 3D printing bearing pads 13. In
FIG. 8A, the structure 3D printed for use in the bearing pad
13 15 1n a cubic pattern. In FIG. 8B, the structure 3D printed
for use 1n the bearing pad 13 1s in a corrugated pattern. In
FIG. 8C, the structure 3D printed for use 1n the bearing pad
13 1s 1n a pyramidal pattern. Other possible, non-limiting
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structures include a hexagonal structure, a square structure,
a triangular structure, a diamond structure, a navtruss struc-
ture, a tetrahedral structure, a diamond textile structure, a
diamond collinear structure, a square collinear structure, a
three-dimensional kagome structure, a square honeycomb
structure, a triangular honeycomb structure, and a corru-
gated honeycomb structure (see Wadley, “Multifunctional
Periodic Cellular Metals™, Phil Trans. R. Soc. A (2006) 364,
31-68, available at http://rsta.royalsocietypublishing.org/
content/364/1838/31 (last visited Apr. 15, 2016), which 1s
incorporated herein by reference in 1ts entirety). The struc-
tures 1n FIGS. 8 A-8C, and any other concervable structures
can be used to 3D print the entire bearing pad 13, or only a
printed portion 36 of the bearing pad 13 (as in FIG. 6). The
bearing pad 13 shown in FIGS. 8A-8C can include an
internal channel network 26, through which o1l tlows to cool
the bearing pad 13. It 1s contemplated that 1n some embodi-
ments, the bearing pad 13 includes no surface covering, like
in FIG. 8A; however, the bearing pad 13 can include a
surface covering so that the structure 1s beneath the surface
covering of the bearing pad 13 and hidden from view.

While various embodiments of the disclosed internal
cooling bearing pads were provided in the foregoing
description, those skilled in the art may make modifications
and alterations to these embodiments without departing from
the scope and spirit of the invention. For example, 1t 1s to be
understood that this disclosure contemplates that, to the
extent possible, one or more features of any embodiment can
be combined with one or more features of any other embodi-
ment. Accordingly, the foregoing description 1s mtended to
be 1llustrative rather than restrictive. The invention
described hereinabove 1s defined by the appended claims
and all changes to the mnvention that fall within the meaning
and the range of equivalency of the claims are to be
embraced within their scope.

The mvention claimed 1s:

1. A flmd bearing for use in turbomachinery comprising:

at least one bearing pad configured to be arranged about

a rotating member of the turbomachinery, each bearing

pad comprising:

an iternal cooling opening defined 1n the bearing pad;
and

an internal channel network defined 1n the bearing pad
comprising at least one channel node in fluid com-
munication with the internal cooling opening and at
least two passageways 1n fluild communication with
and extending from the channel node through the
bearing pad,

wherein at least one of the passageways extends to an
exterior surface of the bearing pad to define at least
one cooling discharge opeming, and

wherein channel support structures are located within
the 1nternal channel network.

2. The fluid bearing of claim 1, wherein the bearing pad
1s defined by an inner radial side and an outer radial side, a
first axial side and a second axial side, and a circumierential
leading edge and a circumierential trailing edge.

3. The fluid bearing of claim 2, wherein the internal
cooling opening 1s defined 1n the outer radial side of the
bearing pad proximate the trailing edge of the bearing pad.

4. The fluid bearing of claim 2, wheremn the internal
cooling opening i1s defined 1n the outer radial side of the
bearing pad proximate the leading edge of the bearing pad.

5. The fluid bearing of claim 2, wherein the internal
cooling opening 1s defined 1n a jacking o1l port defined 1n the
outer radial side of the bearing pad.
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6. The fluid bearing of claim 2, wherein at least one
cooling discharge opening 1s defined 1n the first axial side or
the second axial side.

7. The fluid bearing of claim 2, wherein at least one
cooling discharge opening 1s defined in the leading edge or
the trailing edge.

8. The fluid bearing of claim 2, wherein the bearing pad
1s arcuate-shaped.

9. The flud bearing of claim 1, further comprising:

a deck plate;

a central support column connected to an outer radial side
of the deck plate, wherein the central support column
defines a spherical seat, wherein the iternal cooling
opening 1s defined in the spherical seat of the central
support column, wherein the central support column
defines the internal channel network: and

a plurality of primary support structures connecting the
central support column with the deck plate.

10. The flmud bearing of claim 9, further comprising a
plurality of secondary support structures, each secondary
support structure connecting the primary support structure to
the deck plate, another of the secondary support structures,
or the central support column.

11. The fluid bearing of claim 10, wherein the primary
support structures or the secondary support structures are
hollow, and wherein the primary support structures or the
secondary support structures are in fluid communication
with the internal channel network defined in the central
support column such that cooling o1l can flow through the
primary support structures or the secondary support struc-
tures.

12. The fluid bearing of claim 1, wherein the channel
support structures are bars or trusses.

13. The fluid bearing of claim 1, wherein the channel
support structures mechanically strengthen the bearing pad.

14. The fluid bearing of claim 1, wherein at least a portion
of the bearing pad 1s 3D printed.

15. The fluid bearing of claim 14, wherein the portion of
the bearing pad that 1s 3D printed 1s proximate a trailing
edge of the bearing pad.

16. The fluid bearing of claim 14, wherein the portion of
the bearing pad that 1s 3D printed 1s proximate a leading
edge of the bearing pad.

17. The fluid bearing of claim 14, wherein the portion of
the bearing pad that 1s 3D printed 1s printed 1n a cubic
pattern, a corrugated pattern, or a pyramidal pattern.

18. The fluid bearing of claim 14, wherein the portion of
the bearing pad that 1s 3D printed 1s printed 1n a hexagonal
structure pattern, a square structure pattern, a triangular
structure pattern, a diamond structure pattern, a navtruss
structure pattern, a tetrahedral structure pattern, a diamond
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textile structure pattern, a diamond collinear structure pat-
tern, a square collinear structure pattern, a three-dimensional
kagome structure pattern, a square honeycomb structure
pattern, a triangular honeycomb structure pattern, or a
corrugated honeycomb structure pattern.

19. The fluud bearing of claim 1, wherein the entire

bearing pad 1s 3D printed.

20. A bearing pad comprising;:

an 1ternal cooling opening defined 1n the bearing pad;
and

an internal channel network defined 1n the bearing pad
comprising at least one channel node 1n tluid commu-
nication with the internal cooling opening and at least
two passageways 1n fluild communication with and
extending from the channel node through the bearing
pad,

wherein at least one of the passageways extends to an
exterior surface of the bearing pad to define at least one
cooling discharge opening, and

wherein channel support structures are located within the
internal channel network.

21. The bearing pad of claim 20, wherein the bearing pad

1s defined by an 1nner radial side and an outer radial side, a
first axial side and a second axial side, and a circumferential
leading edge and a circumierential trailing edge.
22. A fluid bearing for use 1n turbomachinery comprising:
at least one bearing pad configured to be arranged about
a rotating member of the turbomachinery, each bearing
pad comprising:
an iternal cooling opening defined 1n the bearing pad;
and

an internal channel network defined 1n the bearing pad
comprising at least one channel node in fluid com-
munication with the internal cooling opening and at
least two passageways 1n fluild communication with
and extending from the channel node through the
bearing pad,

wherein at least one of the passageways extends to an
exterior surface of the bearing pad to define at least
one cooling discharge opening;

a deck plate;

a central support column connected to an outer radial side
of the deck plate, wherein the central support column
defines a spherical seat, wherein the internal cooling
opening 1s defined in the spherical seat of the central
support column, wherein the central support column
defines the internal channel network; and

a plurality of primary support structures connecting the
central support column with the deck plate.
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